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Hydrothermal carbonization process (HTC) is a relatively simple method to convert biomass to 
carbonaceous material that involves reaction in a closed system. HTC is convenient, fast and 
environmentally friendly way to convert b io mass into higher value of carbonaceous material. 
A comparison on the carbon percentage produced from HTC using Kenaf fiber is performed 
and the optimum HTC operating condition of Kenaf fiber is aimed. The heating process is 
carried out using two different conditions, with and without stirring at different time period 
which is 2 hours, 4 hours, 6 hours, 8 hours and I 0 hours at constant temperature of 225 °C. 
Vario Micro CHNS Analyzer used to determine the element values in the sample shows that 
for sample without stirring, sample heated for 2 hour produces lowest carbon percentage 
which is 52.25% and sample heated for 10 hour produces the highest carbon percentage which 
is 60.20% similar trend was obtained for the stirring sample heated for 2 hour produces 
48 .31 % and sample heated for l 0 hour produces 56.73%. The percentage of carbon increase as 
the longer time period of heating. Based on the results, longer time period should be conducted 
to determine the optimum percentage of carbon produced. 
Introduction 
Hydrothermal carbonization process (HTC) can be defined as 
combined dehydration and decarboxylation of a fuel to raise its 
carbon content with the aim of achieving a higher calorific valueP·3l. 
The advantage of HTC is that it can convert wet input material into 
carbonaceous solids at relatively high yields without the need for an 
energy-intensive drying before or during the process. This opens up 
the field of potential feedstocks to a variety of nontraditional 
sources: wet animal manures, human waste, sewage sludges, 
municipal solid waste (MSW), as well as aquaculture and algal 
residuesf8l. HTC process is an exothermal process which lowers 
both the oxygen and hydrogen content of the feed by mainly 
dehydration and decarboxylation and achieved by applying 
temperatures of 180- 350°C in a suspension of biomass and water at 
saturated pressure for several hours [3-6] . HTC process can be carried 
out in two ways which is directly or catalyst assisted. As for direct 
HTC process, only water and sample are heated in the vessel while 
catalyst assisted process catalyst such as citric acid and metal ions 
are added into the processP 'l. In this study, HTC process is carried 
out in the directly in which Kenaf fiber and water are heated together 
without any catalyst according to parameters. Natural fibers has 
been proved as replacement for synthetic and other non-recycleable 
fibers as they are abundant, cheap, renewable and easily recycled. 
Other advantages are low density, low cost, high toughness, 
comparable specific strength properties, easy to seperate, decreased 
energy of fabrication, and C02 neutra1ityf18•20l. Kenaffiber or also 
known as Hibiscus Cannabinus L is the natural fiber used in this 
study. Kenaf can produce high content of cellulose in average of 44 
to 63.5% and hemicellulose in average between 15 to 23%l21 l made 
it suitable as the raw material use for HTC process due to high 
contain of lignin, hemicellulose and cellulose. 
Materials and methods 
Kenaf fiber was obtained from Lembaga Kenaf and Tembakau 
Negara (LK1N), lndera Mahkota in Pahang. Kenaf fiber was 
processed to a small length in ranging of 10 cm to 20 cm before 
grinding to fine pieces approximately from 550 to 600µm . The HTC 
process was conducted at different time (2h, 4h, 6h, 8h and I Oh) 
with constant temperature, 225°C by using the supercritical unit 
Buchiglauster model. The process is divided to two condition which 
are with and without stirring. 50g of grinded Kenaf fiber was 
dispersed in IL of pure water and mixed homogenously before 
inserted into the reactor. The reactor was sealed to avoid any 
pressure released and heated to 225°C. Residence time was defined 
when the reactor reached the desired temperature and for with 
stirring sample, the stirrer speed was increased to 50 rpm. When 
HTC process reached time, reactor was set to be cooled to room 
temperature for 12 hours before the product can be collected. The 
product was then dried at 105 °C until solid carbonaceous product 
known as biochar was collected. 
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carbonization process were determmeu on1 u1"" -·-"•w• .. - -
contents, such as carbon (C), hydrogen (H), and oxygen (0) 
using an elemental analyzer(Vario Macro CHNS Analyzer). 
The percentage of the elements and molecular formula of 
carbonaceous Kenaf fiber with stirring and without strring 
processed at different operating time for 225°C was listed in 
Table I and Table 2 
Table. 1: Percentage of carbon at different time with stirring. 
Sampk I 1me C 11 IN *O ~lokcular 
(h) (\\l 0 o) (\11°0) / (\\l0 o) (\\!%) i(mnula 
I Cl hO) 
Kenaf 0 38.86 6.39 3.28 51.47 CH1.960o.99 
fiber 
2 48.43 5.83 5.96 39.90 CH1. .. 0o.62 
4 48.31 5.59 8.38 37.60 CHusOo.ss 
6 54.91 5.25 11.27 28.57 CH1. 1•0o.39 
8 55.74 5.01 14.22 25.03 CH1.os0o.J. 
10 56.73 5.05 18.31 19.91 CH1mOo.26 
Table. 2: Percentage of carbon at different time without stirring. 
Sam pk r11nc' c 11 I \i ()' rvlolecular 
(hi (\\l 0 'o) (\~ l0 o) (\\l0 o) (\\1%) formula. 
Kenaf 
Fiber 
0 
2 
4 
6 
8 
10 
I Cl 1,0) 
38.86 6.39 3.27 51.46 CH1.960o.99 
52.51 6.20 1.38 39.47 CH1.460 o.ss 
56.25 6.17 1.45 35.90 
56.15 6.17 1.51 35.85 CHusOo.•9 
59.28 6.09 1.44 33.08 
60.20 6.03 1.62 31.74 
*O (wt%)= l 00 - C (wt%)- H (wt%)- N (wt%) 
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condition. The percentage of carbon produced was higher from 
without stirring sample compared to with stirring sample. 
~ ~70.00 = 
!. 60.00 - ------ -- ----. 
1: p-----· . SS0.00~ 
15 40.00 
of 
" 30.00 
c 
::, 20.00 
~ 
~ 10.00 
.. 
"' 0.00 
0 2 4 6 
Time(h) 
8 10 
• With Stirring 
F ig. 1: Percentage of carbon content(%) vs time (h) for sample with 
s tirring. 
I ::·: t --.--1: 
! 6 40.00 --
u 
g 
-e 30.00 
" 0 20.00 .. 
... 
~ 10.00 
.. 
~ 
.. 
"' 0 .00 
0 2 
• Without Sti rring 
4 6 8 10 
Time (h) 
Fig. 2: Percentage of carbon content(%) vs time (h) for sample without 
stirring. 
Figure l and 2 shows the percentage of carbon keeps on 
increasing as the time period increase. The carbon content 
increase up to 56.73% for sample with stirring and 60.20% for 
sample without strring. In figw·e I , there was a slight decrement 
of carbon value at 4 hour operating time and as for figure 2, the 
slight decrement can be seen at 6 hour operating time which 
predicted that HTC process promote hydrolysis reaction. The 
HTC process generally happened in three reactions which are 
hydrolysis, dehydration and carboxylation process throughout 
the conversion of Kenaf fiber into carbonaceous Kenaf fiber l31. 
These results shows that with stirring, HTC process undergo 
hydrolysis reaction faster than without stirring but produces 
lower carbon percentage and vice versa. 
Fig.5: Surface morphology ofKenafFiber after HTC process at 10 h 
without stirring. 
The morphology of raw Kenai· fiber (Figure 3) and Kenaf fiber 
after HTC (Figure 4 & 5) process investigated to study the 
structure before and after HTC process. As illustrated in figure 
4 and 5, the outer layer of Kenaf fiber or lignin has broken 
down leaving cellulose and hemicellulose at the inner layer of 
the fiber. The damages on the outer layer increase as the 
operating time increase. Kenaf fiber that undergo HTC process 
without stirring shows more visible pores and ruptures on the 
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sample than Kenat· fiber that undergo HTC process with 
stirring. More severe damages on the fiber resulted on higher 
percentage of carbon produced as can be seen in the elemental 
analysis which samples without stirring produces higher 
percentage of carbon than sample with stirring. Generally, 
increment of operating time affected the transformation on the 
morphology of the Kenaf fiber. 
Fourier Transform Infrared Spectroscopy(FTIR) was carried 
out to identify the component and chemical composition exists 
in raw Kenaf fiber and Kenaf fiber after HTC process. Kenaf 
fiber comprises cellulose, hemicellulose and lignin. The single 
bonds such as 0-H (3000-3700 cm- 1) , C-H (2987.54 and 
784.22 cm-1), C-0 (1084. 1 l cm-1) , and C-0--C (913 .71 cm-1) 
are characterist ic of cellulose and hemicellulose. The peaks of 
C=O (1699_06 cm-1) and C=C (1643_88 cm-1) bonds in the 
FTIR spectra provide further support of the ex istence of 
cellulose, hemicellulose and also lignin in Kenaf fiber. Table 4 
shows the details on the spectra group detected using FTIR_ 
Meanwhile, figure 8 and 9 shows the FTIR spectra for both 
with and without stirring sample of carbonaceous kenaf fiber. 
The FTIR spectra trend are similar for both with and without 
stirring sample. 
Table 3 : Details on the spectra group detected using FTIR, 
adapted from several references [I 0.13,16, 17]. 
R.mgc I unctronal \\'.nckngth Dc,cnrt1011 
2 
3 
4 
5 
6 
7 
group (~m 1 
0-H 
stretch 
C-H 
stretch 
3700- 3000 Detect the presence of water, alcohol from 
cellulose or phenols from lignin. 
3000- 2800 Vibration of aliphatic C - H bond 
C = 0 .1800- 1650 Vibration from esters, carboxylic acids or 
stretch aldehydes from cellulose and lignin. 
C-0-C 1275-800 Vibration from ether, open ring ether and 
stretch cyclic ether from cellulose. 
C-H 
bend 
C-0 
stretch 
C = C 
stretch 
4 
1450 - 1200 Absorption from C-H bridge ofaliphatic 
carbon, methylene, methyl. 
900-750 
Deformation of C - H bond in aromatic 
compounds. 
1200-950 Vibration from esters, phenols and 
aliphatic alcohols. 
1650 - I 500 Vibration from aromatic ring from lignin. 
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Fig. 8 : FTIR Spectra of without stirring Carbonaceous KenafFiber 
sample 
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Fig, 9: FTIR Spectra of with stirring Carbonaceous KenafFiber sample 
Conclusions 
Hydrothermal Carbonization Process (HTC) provided 30% to 
60% increment of carbon content from Kenaffiber. The result 
depends on the operating time and stirring speed, which in this 
work the stirred and unstirred was compared. As a conclusion, 
longer operating time needed for both condition to determine 
the most optimum operating time for HTC process to produce 
optimum amount of carbon . 
Acknowledgements 
Special thanks to Lembaga Kenaf dan Tembakau Negara for 
the raw material provided and Universiti Malaysia Perlis SEM 
unit for helping with surface morphology analysis. Also biggest 
thanks to RDU140106 ( FGRS Grant Scheme), and Universiti 
Malaysia Pahang for the financial aid during this project. 
Notes and references 
[!]Basso, D ., Weiss-Hortala, E., Patuzzi, F ., Castello, D. , Baratieri, M ., & 
Fiori , L. (2015) . Hydrothermal carbonization of off-specification 
compost: a byproduct of the organic municipal solid waste treatment. 
Bioresour Technol, 182, 217-224. doi: 
l 0.1016/j.biortech.2015 .01 .118 
[2]Berge, N. D ., Ro, K. S., Mao, J., Flora, J. R. , Chappell, M. A. , & Bae, 
S. (2011 ). Hydrothermal carbonization of municipal waste streams. 
Environ Sci Technol, 45(13 ), 5696-5703 . doi : I 0.102 l /es2004528 
[3]Funke, A. , & Ziegler, F . (2010). Hydrothermal carbonization of 
biomass : A summary and discussion of chemical mechanisms for 
process engineering. Biofuels, Bioproducts and Biorefining, 4(2), 
160-177. doi : I 0.1002/bbb. l 98 
[4]Funke, A., & Ziegler, F. (2011). Heat of reaction measurements for 
hydrothermal carbonization of biomass. Bioresour Technol, 102(16), 
7595-7598. doi : 10.1016/j .biortech.2011.05 .016 
[5]Hu, B ., Wang, K ., Wu, L. , Yu, S. H , Antonietti , M., & Titirici , M. M . 
(20 I 0) . Engineering carbon materials from the hydrothermal 
carbonization process of biomass. Adv Mater, 22(7), 813-828. doi : 
I 0 I 002/adma.200902812 
[6]Kruse, A. , Funke, A. , & Titirici , M. M. (2013) . Hydrothermal 
conversion of biomass to fuels and energetic materials . Curr Opin 
Chem Biol, 17(3) , 515-521. doi : 10.1016/j .cbpa.2013 .05.004 
[7]Li, L., Diederick, R ., Flora, J . R., & Berge, N . D. (2013) . 
Hydrothermal carbonization of food waste and associated packaging 
materials for energy source generation. Waste Manag, 33(11), 2478-
2492. doi : 10.1016/j .wasman.2013 .05.025 
[8)Libra, J. A. , Ro, K . S., Kammann, C , Funke, A. , Berge, N . D., 
Neubauer, Y ., Emmerich, K.-H. (201 l ). Hydrothermal 
carbonization of biomass residuals: a comparative review of the 
chemistry, processes and applications of wet and dry pyrolysis . 
Biofue/s, 2(1) , 89-124 . 
[9]01iveira, I., Blohse, D. , & Ramke, H . G. (2013) . Hydrothermal 
carbonization of agricultural residues . Bioresour Technol, 142, 138-
146. doi J0 .1016/j .biortech.2013 .04.125 
[lO]Parshetti, G. K. , Kent Hoekman, S., & Balasubramanian, R. (2013). 
Chemical, structural and combustion characteristics of carbonaceous 
products obtained by hydrothermal carbonization of palm empty fruit 
bunches. Bioresour Technol, 135, 683-689 . doi : 
10.1016/j.biortech.2012.09.042 
[1 l)Reza, M. T , Becker, W ., Sachsenheimer, K., & Mumme, J. (2014). 
Hydrothermal carbonization (HTC) : near infrared spectroscopy and 
partial least-squares regression for determination of selective 
components in HTC solid and liquid products derived from maize 
silage. Bioresour Technol, 161 , 91-101. doi : 
10.1016/j .biortech.2014.03 .008 
[12]Reza, M . T ., Werner, M., Pohl , M., & Mumme, J. (2014) . Evaluation 
of integrated anaerobic digestion and hydrothermal carbonization for 
bioenergy production. J Vis Exp(88) . doi : I 0.3 791 /51734 
[13)Sevilla, M., & Fuertes, A. B . (2009). The production of carbon 
materials by hydrothermal carbonization of cellulose. Carbon, 47(9), 
2281-2289. doi : I 0.1016/j .carbon.2009.04.026 
[ l 5]Stemann, J., Putschew, A., & Ziegler, F. (2013) . Hydrothermal 
carbonization: process water characterization and effects of water 
recirculation. Bioresour Technol. 143, 139-146. doi: 
l 0.1016/j.biortech.20 I 3.05 .098 
[16)Xiao, L. P., Shi , Z J., Xu, F., & Sun, R. C (2012) . Hydrothermal 
carbonization of lignocellulosic biomass. Bioresour Technol, 118, 
619-623. doi : 10.1016/j .biortech.2012.05.060 
[17]Jamari, S. S., & Howse, J. R. (2012) . The effect of the hydrothermal 
carbonization process on palm oil empty fruit bunch. Biomass and 
Bioenergy, 47, 82-90. doi : I0.1016/j .biombioe.2012 .09.061 
[18]Lee, B .-H ., Kim, H.-S ., Lee, S., Kim, H .-J., & Dorgan, J. R. (2009). 
Bio-composites of kenaf fibers in polylactide: Role of improved 
interfacial adhesion in the carding process. Composites Science and 
Technology, 69(15-16), 2573-2579. doi : 
IO. IOI 6/j .compscitech.2009.07.015 
[19]Sanadi, A. R. , Caulfield, D. F., Jacobson, R. E ., & Rowell , R. M. 
(1995). Renewable agricultural fibers as reinforcing fillers in plastics: 
Mechanical properties of kenaf fiber-polypropylene 
compositeslndustrial & Engineering Chemistry Research, 34, 1889-
1896. 
(20]Zampaloni, M., Pourboghrat, F., Yankovich, S. A. , Rodgers, B. N , 
Moore, J. , Drzal, L. T. , . Misra, M. (2007) . Kenaf natural fiber 
reinforced polypropylene composites: A discussion on manufacturing 
problems and solutions. Composites Part A: Applied Science and 
Manufacturing, 38(6), I 569-1580. doi : 
10. I 016/j.compositesa.2007 .01 .001 
[2J]Zainuddin SYZ, Ahmad I, Kargarzadeh H , Abdullah I, Dufresne A. 
Potential of using multiscale kenaf fibers as reinforcing filler in 
cassava starch-kenaf biocomposites. Carbohydrate Polymer. 
2013 ;92(2):2299-305 
5 
